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$(\Omega, \mathcal{F}, \mathrm{P};(F(t);t\in \mathbb{R}_{+}))$ (1.1)
, $x$ $\in \mathbb{R}_{+}$ ,
$(X^{x}(t);t\in \mathbb{R}+)$ (1.2)
(SDE) :
$X^{x}(0)$ $=$ $x\in \mathbb{R}_{+};$ (1.3)
$dX^{x}(t)$ $=$ $\mu X^{x}(t)dt+\sigma X^{x}(t)dW(t)$ , $t\in \mathbb{R}_{+}$ , (1.4)
,
$\mu(\in \mathbb{R})$ : ;
$\sigma(\in \mathbb{R}_{++})$ : ( );
$(W(t);t\in \mathbb{R}_{+}):1$ $(\mathcal{F}(t))-$ .
( $(\mathcal{F}(t);t\in \mathbb{R}_{+})$ $(W(t);t\in \mathbb{R}_{+})$ ).
,
$X^{x}(t)=x \exp\{(\mu-\frac{1}{2}\sigma)2t+\sigma W(t)\}$ , $t\in \mathbb{R}_{+}$ , (1.5)
$W(t)\sim N(0, t)$ .
11( , )
$\delta:=((\mathcal{T}_{i}, \Delta X_{i});i\in \mathbb{Z}_{++})$ (1.6)
. ,
(1) $\tau_{i}(i\in \mathbb{Z}_{++})$ $i$ , $i$ , ,
$0\leq\tau_{1}\leq\cdots\leq\tau_{i}\leq \mathcal{T}_{i+1}\leq\cdots\leq\infty$ , P-a$.\mathrm{s}$ . (1.7)
$\mathbb{R}_{+}\cup\{\infty\}$ $(\mathcal{F}(t))$- , ,
$\tau_{i}<\infty$ $\Rightarrow$ $\tau_{i}<\tau i+1\leq\infty$ , $\mathrm{P}-\mathrm{a}.\mathrm{s}.$ ; (1.8)
$\tau_{i}=\mathrm{o}\mathrm{o}$ $\Rightarrow$ $\tau_{i}=\tau_{i+1}=\infty$ , P-a$.\mathrm{s}.$ ; (1.9)
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(2) $\Delta X_{i}(i\in \mathbb{Z}_{++})$ $i$ (F(\tau i))- ;
(3) $(X^{x,\delta}(t);t\in \mathbb{R}_{+})$ ,
$X^{x,\delta}(0-)=X\in \mathbb{R}_{\dagger}$ (110)
, $i\in \mathbb{Z}_{++}$ , ,
$dX^{x,\delta}(t)$ $=$ $\mu X^{x,\delta}(t)dt+\sigma X^{x,\delta}(t)dW(t)$ , $\tau_{i-1}\leq t<\tau_{i}\leq\infty$ ; (111)
$X^{x,\delta}(\tau i)$ $=$ $X^{x,\delta}(\tau_{i}-)+\Delta x_{i}$ (1.12)
, , $\tau_{0}:=0$ .
, ( ) , :
(4) $\text{ _{}\wedge^{\backslash }\text{ _{}\mathit{0}})T\in}\mathbb{R}_{+}\backslash \ovalbox{\tt\small REJECT}_{arrow}^{-_{\mathrm{X}}\iota \text{ }}"\backslash$,
$\mathrm{P}(\lim_{iarrow\infty}\mathcal{T}i\leq T)=0$ . (1.13)
$\Delta$
L2 ( )
(1) $K(x, \Delta x)\in \mathbb{R}_{+}(x\in \mathbb{R}_{+}, x+\Delta x\in \mathbb{R}_{+})$ : $x$ $\Delta x$
, ;
$K(x, \Delta x+\Delta y)$ $<$ $K(x, \Delta x)+K(x+\Delta_{X}, \triangle y)$ ,
$\forall(_{X,X+\Delta X+}x,\Delta x+\triangle y)\in \mathbb{R}^{3}+$ ; (1.14)




(4) $x\in \mathbb{R}_{+},$ $\delta\in\triangle$ ,
$v^{\delta}(x):= \mathrm{E}[\int_{0}^{\infty}e^{-\alpha t}c(X^{x}’\delta(t))dt+\sum^{\infty}e-\alpha \mathcal{T}_{i}K(X^{x,\delta}(\tau i-), \triangle Xi)1_{\{\tau_{i<}}]i=1\infty\}$ . (1.15)
, $k,$ $K\in \mathbb{R}_{++}$ ,
$K(x, \Delta_{X}):=k|\Delta x|+K$ , $(x, x+\Delta x)\in \mathbb{R}_{+}^{2}$ (116)
.
2
$v(x):= \inf_{\delta\in\Delta}v(\delta X)$ , $x\in \mathbb{R}_{+}$ (2.1)
.
226
, $u:\mathbb{R}_{+}arrow \mathbb{R}$ , , 2 ( ) :
$[Mu](x)$ $:=$ $\inf$ $\{(k|\Delta X|+K)+u(x+\Delta x)\}$ , $x\in \mathbb{R}_{+};$ (2.2)
$\triangle x\in \mathrm{R}|x+\Delta x\in \mathrm{R}+$
$[Nu](x)$ $:=$ $\mathcal{T}\mathrm{i}\mathrm{n}_{\frac{\mathrm{f}}{--}}\mathrm{E}[\int^{\tau}0te^{-\alpha t_{C(}}x^{x}())dt+e^{-\alpha\tau}[Mu](x^{x}(\tau-))]$ , $x\in \mathbb{R}_{+}$ , (2.3)
, $\mathbb{R}+\cup\{\infty\}$ (F(t))- .
(1) $M$ .
(2) $N$ .
$v$ : $\mathbb{R}_{+}arrow \mathbb{R}$ , ,
(C1)
$v(x)\leq[Mv](x)$ , $\forall x\in \mathbb{R}_{+}$ (2.4)
.
, Bellman, R. ( ) ,
$v(x)=[Nv](x)$ , $\forall x\in \mathbb{R}_{+}$ (2.5)
. , $v:\mathbb{R}_{+}arrow \mathbb{R}$ $\mathbb{C}^{2}$ ,
$v(x)$ $=$ $[Nv](x)$
$=$ $\tau\in \mathrm{i}11_{\frac{\mathrm{f}}{--}}\mathrm{E}[\int_{0}^{\tau}e^{-\alpha t_{C(X}}(t)x)dt+e^{-\alpha\tau}[Mv](x^{x}(\tau-))]$
$=$ $\underline{\underline{\inf_{\mathcal{T}-}}}\mathrm{E}[\int_{0}^{\tau}e^{-\alpha t}C(xx(t))dt+e^{-\alpha \mathcal{T}}v(X^{x}(\tau-))]$
$\leq$ $\mathrm{E}[\int_{0}^{s}e^{-\alpha t_{C(X}}(t)x)dt+e^{-\alpha s}v(X^{x}(S-))]$
$=$ $v(x)+ \mathrm{E}[\int_{0}^{s}e^{-}\alpha t\{[Lv](X^{x}(t))+c(X^{x}(t))\}dt$
$+ \int_{0}^{S}e^{-\alpha Sl}v(xx(t))\sigma(xx(t))dW(t)]$ (2.6)
$=$ $v(x)+ \mathrm{E}[\int_{0}^{s}e-\alpha t\{[Lv](X^{x}(t))+c(X^{x}(t))\}dt]$ , $\forall x\in \mathbb{R}_{+},$ $s\in \mathbb{R}_{+}$
, , $L$ , 4 , : $u:\mathbb{R}+arrow \mathbb{R}$
$\mathbb{C}^{2}$ ,
$[Lu](x):= \lim_{t\downarrow 0+}\frac{\mathrm{E}[e^{-\alpha t}u(x^{x}(t))]-u(X)}{t}=\frac{1}{2}\sigma^{2}x^{2\prime}u’(x)+\mu xu^{l}(x)-\alpha u(X)$ (2.7)
. (2.6) , , $v:\mathbb{R}_{+}arrow \mathbb{R}$ $\mathbb{C}^{2}$ ,
(C2)
$[Lv](x)+c(x)\geq 0$ , $\forall x\in \mathbb{R}_{+}$ (2.8)
.
21( (Quasi-Variational Inequality: QVI)) $u:\mathbb{R}_{+}arrow \mathbb{R}$ , 3
(Quasi-Variational Inequality: QVI) :
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(C1)
$u(x)\leq[Mu](x)$ , $\forall x\in \mathbb{R}_{+};$ (2.9)
(C2)
$[Lu](x)+c(x)\geq 0$ , $\forall x\in \mathbb{R}_{+};$ (2.10)
(C3) ( ) $x\in \mathbb{R}_{+}$ , (2.9) (2.10) – ,
,
$\{u(x)-[Mu](x)\}\{[Lu](x)+c(x)\}=0$, $\forall x\in \mathbb{R}_{+}$ . (2.11)
22(QVI- ) $u^{*}$ : $\mathbb{R}_{+}arrow \mathbb{R}$ QVI (C1), (C2), (C3) . ,
$\delta^{*}\in\Delta$ ( , ) QVI- :
(B1)
$\tau_{i}$ $=$ $\inf\{t>\tau_{i-1}$ : $u^{*}(X^{x,\delta^{*}}(t-))=[Mu^{*}](x^{x,\delta}*(t-))\}$ (2.12)
$=$ $\inf\{t>\tau_{i-1}$ : $[Lu^{*}](x^{x,\delta}*(t-))+c(X^{x,\delta^{*}}(t-))>0\}_{f}$ $i\in \mathbb{Z}_{++};$
(B2)
$\Delta X_{i}=$ $\arg\min$$\Delta x\in \mathrm{R}|X^{x.\delta^{*}}(\tau.-)+\Delta x\in \mathrm{R}_{+}\{k|\Delta x|+K+u^{*}(X^{x,\delta^{*}}(\tau_{i}-)+\Delta x)\}$ , $i\in \mathbb{Z}_{++}$ . (2.13)
21 $\mathbb{C}^{2}$ $u^{*}$ : $\mathbb{R}_{+}arrow \mathbb{R}$ QVI (C1), (C2), (C3) ,
: $x\in \mathbb{R}_{+}$ $\delta\in\Delta$ $(X^{x,\delta}(t);t\in \mathbb{R}_{+})$
,
(D1)
$\mathrm{E}[\int_{0}^{\infty}|e-\alpha t\sigma Xx,\delta(t)u*’(Xx,\delta(t))|^{2}dt]<\infty$ ; (2.14)
(D2)
$\lim_{tarrow\infty}\mathrm{E}[e^{-\alpha t}u^{*}(x^{x}’\delta(t))]=0$ . (2.15)
,
$v(x)\geq u^{*}(x)$ , $\forall x\in \mathbb{R}_{+}$ (2.16)
. , $u^{*}$ QVI- $\delta^{*}$ ,
$v^{\delta^{*}}(x)=u^{*}(x)$ , $\forall x\in \mathbb{R}_{+}$ (2.17)
. , QVI- $\delta^{*}$ , $u^{*}$ $v$ – :
$v^{\delta^{*}}(x)=u^{*}(x)=v(x)$ , $\forall x\in \mathbb{R}_{+}$ . (2.18)
21
(1) - u*( $v$ ) $\mathbb{C}^{2}$ , ( )
( $L$ “ ” )
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3
, QVI (C1), (C2), (C3) , ,
, ( ) .
(smooth pasting technique) .
$\delta^{*}\in\Delta$ , 2
$(\beta, b)$ $(0<\beta<b<\infty)$ (31)
, :
(E1) $[0, b)$ , , $[0, b)$ , ;
(E2) $[b, \infty)$ , $[b, \infty)$ $\beta$ .
, $v:\mathbb{R}_{+}arrow \mathbb{R}$
:
(F1) $(0, b)$ , $v$ 2 :
$([Lv](x)+c(x)=)$ $\frac{1}{2}\sigma^{22\prime}xv’(x)+\mu xv’(X)-\alpha v(X)+c(x)=0$ , $x\in(0, b)$ ; (3.2)
(F2) (Value Matching Conditions): $v$ ,
$v(b)=k|\beta-b|+K+v(\beta)(=k(b-\beta)+K+v(\beta))$ ; (3.3)
(F3) $x=b$ , $y=\beta$ ( $.(\mathrm{F}2)$ (3.3) $\beta$ ,
,
$v(b)=k(b- \beta)+K+v(\beta)=\min_{0<y<b}\{k(b-y)+K+v(y)\}$ , (3.4)
):
$v’(\beta)=k$ ; (3.5)
(F4) (Smooth Pasting Conditions): $v’$ ,
$v’(b)= \lim_{x\downarrow b+}v’(x)=\lim_{x\downarrow b+}\frac{d}{dx}\{k(x-\beta)+K+v(\beta)\}=k$. (3.6)
, ,








, (A1) , 2 :
$-( \mu-\frac{1}{2}\sigma^{2})\pm\sqrt{(\mu-\frac{1}{2}\sigma)22+2\sigma^{2}\alpha}$
$\lambda_{\pm}:=\overline{\sigma^{2}}$ . (3.11)
$x\downarrow \mathrm{O}+$ , (3.9) –
$u(x;a):=-ax^{\lambda}++(\alpha-2\mu-\sigma)2-1X2$ , $x\in \mathbb{R}_{++}$ (3.12)
, $a(\in \mathbb{R}_{++})$ .
2 $\beta,$ $b$ , 2 (3.2) 1 $a$ , 3
, (3.3), (3.5), (3.6) 3 , ( ) .
32(A2)
$\frac{1}{k}>\alpha-2\mu-\sigma^{2}$ . (3.13)
31 (A1), (A2) , 3 (F2), (F3), (F4) 3 $\beta,$ $b(0<\beta<b<\infty),$ $a$
$(\in \mathbb{R}_{++})$ – .




(F4) (Smooth Pasting Conditions):
$u’(b;a)=k$ . (3.16)
(A1), (A2) . 31 , – 3 $\beta,$ $b(0<\beta<b<\infty),$ $a$
$(\in \mathbb{R}_{++})$ , :
$u^{*}(x):=\{$
$u(x;a)=-ax^{\lambda}++(\alpha-2\mu-\sigma^{2})^{-}1X^{2}$ , $x\in[0, b)$ ;




$>$ $( \alpha-\mu)k+[(\alpha-\mu)^{2}k^{2}+4\alpha\{\frac{\alpha-2\mu-\sigma^{2}}{2}(-\frac{(\lambda_{+}-1)^{2}}{2\lambda_{+}(\lambda_{+}-2)})k^{2}+K\}]^{1}/2$ .
32 (A1), (A2), (A3) , (3.17) $u^{*}$ : $\mathbb{R}+arrow \mathbb{R}$ , QVI (C1), (C2),
(C3) .
(C1)
$u^{*}(x)\leq[Mu^{*}](x)$ , $\forall x\in \mathbb{R}_{+};$ (3.19)
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(C2)
$[Lu^{*}](x)+c(x)\geq 0$ , $\forall x\in \mathbb{R}_{+;}$ (3.20)
(C3) ( )
$[Lu^{*}](X)+c(x)=0$ , $\forall x\in[0, b)$ ; (3.21)
$u^{*}(x)=[Mu^{*}](X)$ , $\forall x\in[b, \infty)$ . (3.22)
, $u^{*}$ QVI- $\delta^{*}$ , $u^{*}$
$v$ – :
(B1)
$\tau_{i}$ $=$ $\inf\{t>\tau_{i-1}$ : $u^{*}(X^{x,\delta^{*}}(t-))=[Mu^{*}](x^{x,\delta}*(t-))\}$ (3.23)
$=$ $\inf\{t>\tau_{i-1}$ : $X^{x,\delta^{*}}(t-)\in[b, \infty)\}$ , $i\in \mathbb{Z}_{++};$
(B2)
$\Delta X_{i}$ $=$ arg min$\triangle x\in 1\mathrm{R}|X^{x,\delta^{*}}(\tau:-)+\Delta x\in \mathrm{R}+\{k|\triangle x|+K+u^{*}(X^{x}’\delta*(_{\mathcal{T}_{i^{-}}})+\Delta_{X)\}},$ .
$=$ $\beta-x^{x,\delta^{*}}(\tau_{i^{-)}},$ $i\in \mathbb{Z}_{++}$ . (3.24)
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